Background. In this study, the protective effect of extract of Moringa oleifera against carbon tetrachloride (CCl 4 )-induced liver fibrosis in rats was evaluated using Magnetic
Introduction
Hepatic fibrosis is a dynamic and complicated pathological condition that occurs in response to chronic hepatocellular injury. Liver fibrosis takes place as a result of many chronic liver diseases, such as hepatitis viral infection, including hepatitis B and hepatitis C. It is characterized by altered hepatic function and an excessive accumulation of extracellular matrix proteins, including collagen, which occurs in most types of chronic liver diseases. The progression of liver fibrosis often develops into irreversible cirrhosis and is associated with liver cancer. [1] [2] [3] It is therefore imperative to reduce the damage to the liver and to slow down the progress of liver injury into fibrosis and cancer. Oxidative stress may be a common factor in chronic liver diseases of different etiologies. 4 Many agents have been proposed for the prevention and treatment of fibrosis. New clinical approaches need to be developed to improve the efficiency of current treatments, which require continuous trials on new drugs with a therapeutic or protective effect against live fibrosis. However, the gold standard diagnostic method of any therapeutic follow-up of liver damage remains biopsy analysis. Biopsy requires expensive and complicated biochemical and histopathological procedures that are irreproducible and unsuitable for large population screening. 5 New techniques, which are less expensive and more reproducible, are continuously being investigated to provide a reliable preliminary evaluation of antifibrotic effects of novel tested drugs. Magnetic Resonance Imaging (MRI) has been successful in evaluating liver condition by using different acquisition sequences. 6, 7 Automated image analysis methods, particularly texture analysis, when applied to different imaging modalities, are capable of providing quantitative data on a liver pathological condition, and therefore provide a powerful tool of automated characterization. [8] [9] [10] Previous studies have also demonstrated that TA of MR images can characterize tissue condition during degeneration and regeneration processes, as well as in relation to collagen contents. 11, 12 MRI analysis is reproducible and can be rapidly applied. It can also be repeated many times over the same site without any hazardous or destructive effects to the tissue. Most importantly, MRI can be applied in-vivo and ex-vivo. 11, 12 Taken together, MRI-TA offers a promising tool for monitoring the histopathological status of liver tissues and throughout therapeutic or preventive testing against fibrosis.
MRI-TA is studied in this work as a new approach applied on liver in order to predict the protective effect of a local plant, Moringa oleifera, suggested to have an antifibrotic effect; and compare the results to those of silymarin as a standard treatment of fibrosis. Conventional histopathological and liver function tests were performed and compared to MRI-TA results. To our knowledge, MRI-TA has not been previously applied to assess the therapeutic effects of antifibrotic drugs on liver.
Various parts of the M. oleifera Lam tree have been studied for several pharmacological applications. The plant extract has been shown to possess antioxidant activity 13 , hypocholesterolemic, anti-inflammatory and antimicrobial effects. Moringa seeds are known as a rich source of oil, protein and many bioactive compounds. [14] [15] [16] [17] [18] Seeds extracts have also been shown to be potent anti-microbial, antigenotoxic, anti-inflammatory and anti-tumour remedies. [19] [20] [21] A recent study reported that Moringa seed oil had the strongest anti-fungal activity against a zoophilic dermatophyte that is known to cause severe inflammatory reactions in humans. 22 The antioxidant potential of M. oleifera might allow it to succeed where other anti-oxidants have failed in preventing hepatic fibrosis. 23 Taken together, these findings support the suggestion that M. oleifera is a promising herbal remedy for the treatment of hepatic fibrosis. Investigations are currently underway to unravel the biochemical basis of Moringa's protection against CCl 4 -induced liver fibrosis.
Materials and methods

Plant extraction
Mature seeds of M. oleifera were collected in Al-Ain city, U.A.E. The plant was authenticated and specimen identification numbers are kept in the Biology's herbarium for future reference. A hundred grams of dried Moringa oleifera were mixed in 1000 ml of 70% ethanol. Every 10 gm of ground M. oleifera (Lam.) seeds were mixed with 100 ml of 70% ethanol in 250-ml conical flask. The mixture was then irradiated by microwave for two minutes. 24 The extracts were finally filtered through gauze and evaporated under vacuum at 40°C using a rotary evaporator. The dried extract was dissolved in distilled water before administration.
Animals
Adult Wistar male rats having with the weight ranging from 180-220 g were obtained from the Animal House, UAE University Al-Ain, U.A.E. They were maintained on a standard pellet diet and tap water ad libitum and were kept in polycarbonate cages with wood chip bedding under a 12 h light/dark cycle and room temperature of 22-24°C. The rats were acclimatized to the environment for two week prior to experimental use. This study was conducted following the guidelines of the Animal Research Ethics Committee of U.A.E University.
Experimental design
The rats were randomly divided into four groups: a) the normal control group (C; n=7) received an intra-gastric administration of vehicle only for eight weeks; b) the fibrosis group (F; n=7) received an intraperitoneal administration of CCl 4 twice a week for eight weeks; c) the silymarin group (S, n=7) received 0.2 g/kg orally once a day for eight weeks along with CCl 4 ; d) M. oleifera protected group (M; n=7), received an intra-gastric dose of 0.5 g/kg for 8 weeks concomitantly with CCl 4 . At the end of eight weeks, one day after the last administration and after induction of ether anesthesia, blood samples were drawn from the eye retro-orbital plexus from all the rats prior to the excision of organ tissues. The serum was stored at -80°C after separation until it was assayed as described below. Liver was excised and specimens were placed in plastic containers with 10% buffered formaldehyde solution and kept overnight for following MRI.
Detection of serum markers
The activities of serum aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were assayed by spectrophotometric analysis (Bio-Merieux, RCS Lyon, France) according to the manufacturer's instructions.
Histochemistry
Liver tissue samples from all animals were processed for light microscopy and embedded in paraffin blocks, which were cut to obtain 5 µm thick sections and were mounted on slides. Sections were immunostained with anti-collagen I antibodies (Santa Cruz, CA, USA). Sections were examined using a Leica DMRB/E light microscope (Heerbrugg, Switzerland).
Statistical Analysis
SPSS (version 10) (SPSS Inc., Chicago, IL, USA) was used to carry out a one-way analysis of variance (ANOVA) on the histochemistry results. When significant differences were detected by ANOVA, analyses of differences between the means of the treated and control groups were performed using Dunnett's t-test.
Fibrosis index calculation
Microscopic images of 100x magnification were acquired for collage-I immunostained liver slides giving a resolution of 2.6 µm 2 . Images were initially encoded on 24-bits per pixel three channels (Red, Green, and Blue). The percentage of fibrosis in the liver tissue was determined using a computer assisted automated image analysis program made by the authors using Matlab © (version 7.00, © 1984-2004, The MathWorks Inc). It gives the fibrosis index by calculating the ratio of type I collagen fibers (immunostained areas) to the whole liver area on a slide. 25, 26 Histopathological evaluation was performed in four different sites per section for each treatment (n=7). The average value was then calculated for each experimental group to give the fibrosis index for each group.
MRI and regions of interest
The specimens were imaged on a 1.5-T MR scanner (General Electric Medical Systems, Milwaukee). The plastic containers containing liver specimens were attached on a standard MR phantom. Specimens were imaged within a standard quadrature head coil. A Spin Echo T1-weighted sequence was used to image all specimens (TE = 14 ms, TR= 500 ms, flip angle = 90°), with a field of view of 12 cm, matrix size 256x256, slice thickness of 5 mm, and NEX= 1. DICOM images were converted to 8 bits-per-pixel bitmap images, and one region of interest (ROI), covering the largest possible homogenous area of liver was selected for texture analysis (about 250 pixels) (Figure 1 ).
Texture analysis and image processing
Microscopic images were converted to greylevels bitmap images suitable for texture analysis, and ROIs of about 30000 pixels were selected on each image.
Texture analysis of microscopic and MR images was performed using Runlength Matrix and Gradient Matrix methods. 27, 28 These two matrices were chosen since they are sensitive to texture coarseness and can therefore characterize collagen accumulation. 12 Collagen accumulations produce a coarse image texture, while the absence of collagen gives fine texture, which is used as a base for discrimination between groups. The Runlength Matrix method was proposed by Galloway. 27 It calculates the number of runs p(i, j) of greylevel i and length d in the direction of angle θ from one or more of the 45°, 90°, 135°) . In coarse textures, relatively long greylevel runs would be more common, while fine textures should primarily comprise short runs. Some of the parameters extracted from this method are: longrun emphasis, short-run emphasis, runlength nonuniformity, and greylevel nonuniformity. The Gradient Matrix (GrM) characterises the distribution of greylevel differences around a pixel g(x, y), located at row x and column y, within a "mask" of neighbouring pixels (usually 3x3 or 5x5). The mask is applied pixel by pixel over the whole image or ROI. 28 Some of the GrM parameters are: mean, variance, skewness and kurtosis.
Features selection and classification
Features selection aims to identify the most discriminating parameters from each matrix that separate the different classes most efficiently. The Fisher-coefficient (F-coefficient) was calculated for this purpose, giving the ratio of between class variance to within class variance for each parameter. The ten parameters of the highest F-coefficient were entered into Linear Discriminant Analysis (LDA) for classification. LDA aims to find a linear transformation matrix so that the ratio of the within-class scatter matrix to between-class scatter matrix is maximized. Such a transformation is composed of eigenvectors corresponding to the largest eigenvalues of this ratio of matrices; more details about the classification method can be found elsewhere. 29 The classification results of LDA are represented graphically as the relationship between the most discriminating features (MDF). The number of MDF axes is less than the number of the output classes by one. In this study, we have three output classes for each classification attempt, thus classes would be represented on two axes, MDF1 and MDF2. Texture analysis, features selection, and classification were performed using MaZda-B11 software (version 4.5, ©1999-2006 by Piotr Szczypinski) which were initially developed under the auspices of the COST action B11 European project. More details about the software can be found in. 30 
Results
Effect of M. oleifera on liver function
The activity of serums AST and ALT are useful indicators of the extent of liver injury following CCl 4 treatment. Table 1 shows AST and ALT activities at the end of the experiment. Increases of 2.6-and 2.8-fold in the activity of AST and ALT, respectively, were observed in the CCl 4 group compared to the control group (p<0.001). Treatment with Moringa decreased the CCl 4 -induced levels of AST and ALT by 47% and 52% (p<0.001), respectively. Similarly, treatment with silymarin in CCl 4 treated rats reduced the AST level by 40% (p<0.001). It is worth mentioning here that both biochemical and histopathological results confirmed that Moringa alone did not have any toxic effects on rat liver tissues (data not shown). 
E
Pathological histology
Collagen-I immunostaining of liver specimen examination showed no histological abnormalities and the absence of collagen strands in the extracellular hepatic matrix in normal control liver (Figure 2a) . Liver tissue in CCl 4 -injured rats presented a gross nodular appearance as well as steatosis, cell necrosis and inflammatory infiltration compared to control rats. Histological abnormality in fibrotic model rat was characterized by the deposit of bundles of collagen in pericentral and midzonal areas of liver tissues (Figure 2b ), which gave a fibrosis index of 12.73±2.37% (Figure 2e ). Co-administration of M. oleifera (0.5 g/kg) or silymarin (0.2 g/kg) markedly alleviated the degree of liver fibrosis and significantly lowered collagen deposited (Figure 2c, d) . Treatment with M. oleifera decreased in the fibrosis index by 5.23±0.13%, while reduction with silymarin was by 1.23±1.01% (Figure 2e ).
Texture analysis and classification
Texture analysis of microscopic images followed by LDA was always able to cluster samples belonging to the F group as a homogenous class separate and distant from other classes (Figure 3a ,b) and always separable on the MDF1 axis with positive values. On the other hand, class S tended to cluster with class C (Figure 3a) ; as did class M (Figure 3b ). Classes C, S and M always had negative values on MDF1 (Figures  3a,b) . MRI-TA classification results were similar to those of microscopic images. F was always classified as a separate class distant from other classes (Figure 4) , while M and S classes clustered close to or even mixed with class C (Figure 4a,b) . Class F was separable on MDF1, on which it had always negative values, unlike the classes C, S or M, which that had positive values on the same axis. In all classification attempts, class F (true positive) did not show any classification errors with other classes and no sample that belonged to other classes (true negative) was classified as F. This gives a sensitivity and specificity of 100% for that test. This result in particular highlights the uniqueness of textural features of fibrotic liver tissue. In contrast, C, M and S groups were occasionally misclassified with each other (Figures 3, 4) , indicating the presence of similar textural features.
Discussion
This study measured the consistency of results among MRI-TA, TA on microscopic images, histopathology and biochemical analysis, of the effect of crude extract of M. oleifera seeds on CCl 4 -induced liver fibrosis. CCl 4 is a well-known hepatotoxin. 31, 32 Continuous exposure to this toxin produces progressive liver injury and fibrosis, eventually causing cirrhosis, portal hypertension and death. 33, 34 The main cause of acute liver injury by CCl 4 is free radicals of its metabolites. Activation of CCl 4 by liver cytochrome P-450 generates methyltrichloride radicals (CCl 3 ). These radicals cause lipid peroxidation, which produces hepatocellular damage and enhanced production of fibrotic tissue. 35 The results of this study demonstrate that treatment of rats with M. oleifera had a markedly protective effect against CCl 4 -induced hepatotoxicity in rats, as evidenced by decreased serum AST and ALT activities. Similarly, total flavonoids of Bidens pilosa L. has been shown to decrease the elevated level of ALT and AST in a CCl 4 -induced liver fibrosis model. 36 MRI-TA reveals textural changes related to minor or major pathological modifications that take place in tissue. These textural changes are basically alterations in the physical-chemical properties of the underlying tissue that affect the relaxation times (T1 and T2) in MRI, and, consequently, appear in the image as alterations in greylevel intensities (taking the healthy tissue as reference). These altered intensities are impercentible to the human eye and can only be measured using a texture analysis method. In this respect, texture analysis followed by automatic classification provides a powerful quantification tool of liver pathology, which offers a wide range of applications.
One of these fields of application is antifibrotic pharmaceutics research, which requires recurring essays. Collagen is particularly influential on texture. It has been demonstrated in the literature that collagen contents and distribution have a direct effect on texture discrimination on MR images. 12 This is due to the collagen extracellular network, which gives a coarse texture for thicker networks and fine texture for thinner ones. 12 Coarse texture gives longer runs using the Runlength method of texture analysis 27 ; the Runlength matrix therefore seems to be a suitable method of texture analysis of fibrotic liver. LDA on both MRI-and microscopic image TA, showed that class S always clustered closely or even mixed with class C. This indicates that the S experimental group has textural properties, which are themselves dependent on tissue composition, close to those of C group. This was confirmed by liver function tests (ALT and AST) and collagen-I contents indicated as FI. Similarly, the clustering of group M in close proximity to group C can be attributed to the closely related textural properties of those groups, which may also be related to their collagen contents.
MRI-TA correlated well with fibrosis histopathological results and showed a clear discrimination between group F on the one hand and other (C, M and S) groups on the other, with 100% sensitivity and specificity. MRI-TA results were also consistent with texture analysis of microscopic images, which suggests that the former method can be used as a reliable evaluation tool of liver condition during different treatments. Therefore, using an appropriate standard drug as a positive control, and with minimal biochemical and/or histopathological diagnostic procedures, the MRI-TA protocol can now provide a reliable diagnostic and monitory tool for testing new antifibrotic drugs. Further investigations are currently underway to identify and characterize Moringa's bioactive ingredients and to gain more molecular insights into its potent antifibrotic property.
Conclusions
MRI-based texture analysis provides a reliable alternative tool for primary evaluation of therapeutic effects. This technique would open a new door for drug assessment, since it is a rapid, less expensive and nondestructive tool. Moringa oleifera has shown a protective effect against liver fibrosis. This protection was confirmed by liver function tests and histopathological analysis and found to be measurable using MRI-TA. A B
